Abstract
Assessments
Patients' data regarding demographics (age, gender) and lifestyle characteristics (smoking status, alcohol consumption, and regular physical exercise) were recorded. Moreover, anthropometric measurements (height, weight, BMI), complete blood count, blood biochemistry (measurements of glucose, HbA1c, serum lipids, aspartate and alanine aminotransferases, urea, creatinine, uric acid, parathormone (PTH), vitamin B12, C-peptide, and homocysteine levels), homeostatic model of assessment-insulin resistance (HOMA-IR) measurements as well as measurements of BAd and BA-IMT were performed in each group. All measurements were evaluated with respect to serum PON and ARE activities.
Measurements of PON and ARE Activities
For the measurement of PON1 activity, venous blood samples of the patients were collected from the antecubital vein after an overnight fasting. The blood samples were centrifuged at 2,000 × g for 10 min to separate the plasma and serum. The plasma and serum samples were kept at -80 ° C until analysis of PON1 activity.
The PON and ARE activities were determined using a novel automated measurement method developed by Erel (Rel Assay Diagnostics ® ; Erel, Gaziantep, Turkey). In brief, an increased absorbance at 412 nm at 25 ° C was measured as the rate of paraoxon hydrolysis. Spectrophotometric measurement of ARE activity was performed using phenyl acetate as substrate. The reaction was initiated by the addition of the serum, and the increase in absorbance was measured at 270 nm. Enzymatic activity was calculated from the molar absorptivity coefficient of the produced phenol. One unit of ARE activity was defined as 1 μmol phenol generated per minute under the defined assay conditions. Both PON and ARE activities were expressed as U/l serum. The coefficient of variation was 1.8% for PON activity and 3.3% for ARE activity for individual samples.
Measurements of Other Biochemical Variables
Serum levels of LDL cholesterol, HDL cholesterol, triglyceride, high-sensitivity C-reactive protein, thyroid stimulating hormone, free triiodothyronine, free thyroxine, and other biochemical parameters were determined using the Abbott Architect c16200 clinical chemistry analyzer and commercial kits (Abbott Laboratories, Abbott Park, IL, USA). Serum insulin, homocysteine, vitamin B12, and folate levels were determined using the IMMULITE 2000 automated chemiluminescent analyzer and commercial kits (Siemens, Washington, D.C., USA). Reference ranges were as follows: 5-12 μg/l for homocysteine, 126.5-505 pg/ml for vitamin B12, and 2.34-17.56 ng/ml for folate. Complete blood count was performed with a Coulter LH 750 autoanalyzer (Beckman Coulter, Brea, CA, USA).
Measurement of BA-IMT
All ultrasonographic examinations, namely the IMT and BAd measurements, were performed by the same radiologist. After a 5-min rest in the supine position, the brachial artery was examined in a longitudinal plane between the antecubital fossa and the axilla by continuous grayscale imaging with a linear, high-resolution Dynamic Micro Slice (7-18 MHz) transducer. Sonographic examinations were performed using a Toshiba Aplio 500 (Toshiba Medical Systems Corporation, Nasu, Japan). Measurement of IMT in the brachial artery was performed at a proper site where the IMT was thought to be the thickest and where the clearest B mode image of the anterior and posterior intimal interfaces between the lumen and vessel wall was obtained above the antecubital fossa. IMT measurement was performed three times, and the mean of these three measurements was defined as BA-IMT. At the same obtained image where the IMT was measured, the distance between the two intimal interfaces was estimated and defined as the BAd.
Statistical Analysis
Data analyses were performed using the MedCalc Statistical Software version 12.7.7 (MedCalc Software bvba, Oostende, Belgium). Mann-Whitney U test was used to analyze independent non-parametric variables. The correlations of PON and ARE activities with laboratory parameters, BAd, and BA-IMT were performed using Pearson's and Spearman's correlation analyses for parametric and non-parametric variables, respectively. Data were expressed as mean ± standard deviation (SD), minimum-maximum, and percentage, where appropriate. A p value of <0.05 was considered statistically significant.
Results
The present study included 201 type 2 diabetic patients (mean age 52.4 ± 13.4 years; 73.6% female). The general characteristics of the whole study group are summarized in table 1 . Of 201 type 2 diabetic patients, 89 were in the obese group (mean age 52.8 ± 11.7 years; 83.1% female) and 112 were in the non-obese group (mean age 52.2 ± 14.6 years; 65.5% female). The obese and non-obese groups were homogenous in terms of age.
In the whole study population, the mean PON activity level was 119.8 ± 37.5 U/l, and the mean ARE activity level was 149.0 ± 39.9 U/l. Evaluations of the PON and ARE activity levels in the whole study population revealed that there were no significant differences between patients ≤ 50 years and those >50 years as well as between female and male patients in terms of PON and ARE activities. In the obese group, the mean PON and ARE activities were 119.5 ± 35.6 U/l and 150.4 ± 39.0 U/l, respectively. In the non-obese group, the mean PON and ARE AST = Aspartate aminotrasferase; ALT = alanine aminotransferase; PTH = parathormone; WBC = white blood cell, RBC = red blood cell; MCV = mean corpuscular volume; MPV = mean platelet volume; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol. activities were 120.0 ± 39.1 U/l and 147.9 ± 40.7 U/l, respectively. There were no significant differences between obese and non-obese patients in terms of PON and ARE activities. The PON and ARE activities in the whole study population according to age, gender, and presence/ absence of obesity are shown in table 2 .
Laboratory findings (blood biochemistry and complete blood count) in the whole study population as well as in the obese and non-obese groups are presented in table 3 .
Correlation analysis revealed that the PON activity was negatively correlated with HbA1c (r = -0.533; p < 0.001), plasma glucose (r = -0.457; p < 0.001), and HOMA-IR (r = -0.265; p < 0.001) in the whole study population, as were in the obese and non-obese groups ( table 4 ) . Moreover, the PON activity was found to be positively correlated with uric acid (r = 0.299; p = 0.005) and PTH (r = 0.213; p = 0.046) in the obese group ( table 4 ) .
Correlation analysis revealed that ARE activity was negatively correlated with HbA1c (r = -0.544; p < 0.001), plasma glucose (r = -0.584; p < 0.001), and HOMA-IR (r = -0.298; p < 0.001) in the whole study population, as were in the obese and non-obese groups ( table 5 ) . In addition, ARE activity was negatively correlated with creatinine (r = -0.153: p = 0.031) in the whole study population and positively correlated with PTH (r = 0.217:p = 0.042) in the obese group ( table 5 ) . In obese and non-obese patients, the HOMA-IR was negatively correlated with PON (r = -0.263; p = 0.039 and r = -0.281; p = 0.007, respectively) and ARE (r = -0.269; p = 0.035 and r = -0.334; p = 0.001, respectively) activities.
Correlation analysis revealed that PON (r = -0.340; p = 0.026) and ARE (r = -0.303; p = 0.048) activities were negatively correlated with the left BA-IMT in the obese group.
Discussion
The findings of the present study which was conducted in a cohort of type 2 diabetic patients revealed no differences in PON and ARE activities with respect to age, gender, and obesity. The PON and ARE activities were correlated negatively with blood glucose, HbA1c, and HOMA-IR in both obese and non-obese groups. Additionally, the PON and ARE activities were positively correlated with PTH in the obese group and negatively correlated with WBC in the non-obese group. Moreover, the PON and ARE activities were negatively correlated with the left BA-IMT in the obese group. Serum PON1 activity has been consistently reported to be decreased in conditions such as type 2 DM, which are associated with low HDL cholesterol [15] [16] [17] [18] . On the other hand, studies on measurement of serum PON enzyme activity as a marker of CAD have revealed controversial findings with varying degrees of association in different communities; these findings have suggested that expression of these factors is under genetic control [19, 20] .
There is a paucity of data on alterations in PON1 status in obesity due to inconclusive data resulting from measurements of different activities of PON1 (such as esterase, PON, and ARE activities) in different studies and not considering the possible influence of genetic polymorphisms on the PON1 activity in most studies [21] . In this regard, following the first data on the decreased PON activity and increased lipid peroxidation levels in isolated HDL from adult obese [10] , decreased serum ARE activity has been consistently reported in obese adults [22, 23] . On the other hand, studies have reported inconsistent findings on PON activity in obesity; some reported decreases in PON activity [24] , while some others reported no significant changes [21, 25] . Within this context, measurement of PON1 activity through serum 5-thiobutyl butyrolactone (TBBLase) or ARE activities rather than PON activity has been suggested for investigating the associations among PON1, obesity, and metabolic syndrome [21] .
Studies on PON1 activity in patients with obesity, metabolic syndrome or insulin resistance but without DM revealed inconsistent findings, indicating a negative correlation of PON1 activity with morbid obesity [23] and metabolic syndrome [26] , similar PON1 activity in obese non-diabetic subjects with or without metabolic syndrome when compared to control levels [25] , and a higher PON1 protein concentration but lower specific enzyme activity in obese non-diabetic males with metabolic syndrome [27] . Moreover, PON1 activity was also reported to be similar in diabetic patients, in subjects with impaired fasting glucose, and in normoglycemic controls [28, 29] , which suggested the loss of PON1 activity to occur later in the course of DM and hyperglycemia rather than in the stage of insulin resistance [8] .
The lack of a control group limited interpretation of our findings with respect to the findings of above-mentioned studies. The similarity in terms of serum PON and ARE activities as well as serum lipids between patients with diabetes with or without obesity in the present study seemed in line with the results from another study investigating a Turkish population, which indicated that PON1 activities were not different between non-diabetic subjects with and without metabolic syndrome [25] .
Although there are previous studies demonstrating the relationship between PON1 activity and the lipid profile (particularly HDL cholesterol level) [30] , in the present study, the PON and ARE activities were not correlated with lipid fraction concentrations in our diabetic patients, which was consistent with the data from past research on atherosclerosis [31, 32] and type 1 DM and familial hypercholesterolemia [6, 31] . Notably, the concentration of the HDL cholesterol fraction has been suggested to influence PON1 activity only in cases with dramatic decreases of HDL cholesterol such as in Tangier disease or fish-eye disease, but not in those with moderate decrease, e.g. during a prolonged state of ischemia in patients with atherosclerosis [32] . Besides, it was reported that PON1 activity was more closely related to the HDL particle concentration or large HDL particles than to HDL cholesterol in type 2 diabetic and non-diabetic patients [33] .
In the present study, PON and ARE activities were negatively correlated with glycemic parameters in our diabetic patients regardless of obesity. This finding was in agreement with the data from a previous study indicating inverse correlations of PON1 with blood glucose, insulin, and HOMA-IR in patients with type 2 DM [4] and the data from another study reporting a correlation between HbA1c and PON1 activity in both types of DM [34] . Our findings were also in line with those of an experimental study in which administration of PON1 in vivo to mice or in vitro to β-cells attenuated development of DM and increased secretion of insulin from pancreatic β-cells as a result of PON1's unique antioxidant properties and β-cell insulin biosynthesis stimulated by PON1 [2] . PON1 activity plays a critical role in the relationship between insulin resistance, metabolic syndrome, and subsequent progression to type 2 DM [4] , which was also emphasized in our findings. Additionally, PON1 activity is likely to provide protection against oxidative damage in pancreatic β-cells via increasing β-cell survival and increasing insulin secretion [2] . It has been suggested that measurement of PON1 activity may provide an early indicator of metabolic disturbances before the onset of measurable arterial changes [4] , which was supported by the findings of our study. The negative correlations of PON and ARE activities with left BA-IMT in obese but not in non-obese diabetics in our study population supported the statement that the contribution of PON1 activity to endothelial function and atherogenesis may differ in patients with respect to cardiovascular risk status [35] . Considering obese diabetic patients, our findings were consistent with the previously reported importance of PON1 activity as a predictor of coronary atherosclerosis in patients with ischemic heart disease [7, 31] and emphasized the likelihood of PON1 to modulate early atherogenesis steps in obese diabetic patients. However, similar to our findings, in non-obese patients, no evidence was shown for a relationship between PON1 genotype and subclinical atherosclerosis in an unselected group of type 2 DM patients based on either the measurement of carotid IMT as a surrogate continuous variable or non-invasive vascular investigations [36] .
The genetic polymorphisms of PON1 have been suggested to be responsible for a wide variation in serum PON1 activity among individuals and populations and its relation to CAD [31, 37] . Taking into consideration that there was no correlation between PON1 activity and BA-IMT in our non-obese diabetics and no association of BAd with PON1 activity, regardless of obesity in our study population, it cannot be ruled out that the PON1 polymorphisms are likely to differentially affect the atherosclerosis process or that the PON1 gene has a potential role in modulating later steps of atherosclerosis [38] . Regardless of its genetic or environmental determinants, a low PON1 activity was reported to be associated with endothelial dysfunction expressed as brachial artery flow-mediated vasodilation (FMV) in patients with symptomatic peripheral artery disease [35] , while BAd and male gender were shown as independent predictors of brachial FMV in a multivariate analysis [35] . Moreover, interethnic variability in PON1 polymorphism along with unimodal distribution of PON1 activity in nonEuropid populations was suggested to cause the lack of a significant difference in PON1 activity between diabetic CAD patients and non-CAD controls in a previous study [20] . .
In most studies using popular commercial kits it was assumed that PON activity reflected PON1 activity [27] . In the present study, we were able to demonstrate that PON and ARE activities in patients with diabetes with or without obesity were similar, supporting the hypothesis that the results and changing trends among the three types of PON1 enzyme activities are all compatible with measurements in DM and obese patients [27, 39, 40] .
The present study has some limitations. Firstly, the cross-sectional design of the study, the lack of a non-diabetic control group, and the relatively small sample size did not allow to draw extensive causal conclusions and to generalize our findings to the diabetic population in general. Secondly, we did not evaluate the surrogate serum biomarkers of oxidative stress that could have impacts on PON1 protein expression or activity. Thirdly, data regarding treatments with classical inducers of PON1 activity such as statins, fibrates, acetylsalicylic acid, glucocorticoids, and phenobarbital [8] were not evaluated. Nevertheless, as it is known that data on this topic are scant, our findings represent a valuable contribution to the literature.
In conclusion, we were able to show that there are no differences between patients with diabetes with or without obesity in terms of serum PON and ARE activities, that there are negative correlations of serum PON and ARE activities with glycemic parameters regardless of obesity, and that negative correlations of PON and ARE activities with the left BA-IMT could only be measured in obese diabetic patients. In this regard, our findings emphasized the possible role of low serum PON and ARE activities in predicting poor glycemic control and identified PON1 as a potential therapeutic target to improve glycemic control among diabetics regardless of obesity. Although the current findings suggests that low PON1 activity is a potential marker of early atherosclerosis in diabetes, at least in obese patients, further verification and deeper understanding of PON1 functions and modulators via larger-scale prospective case control studies are needed to unambiguously clarify whether or not the determination of PON1 activities might be useful in the identification and prevention of atherosclerosis and other oxidative stress-related diseases.
Conclusion
Obesity and type 2 DM are associated with atherosclerosis. The importance of PON1 activity and its decrease in atherosclerosis has been shown in several studies. Accordingly, in the present study, including a large number of patients, we demonstrated the association of endothelial dysfunction with PON1 activity and obesity.
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